The epithelial lining of the epididymis establishes an optimal environment in which spermatozoa acquire the ability to fertilize an oocyte. This highly specialized organ develops from a simple embryonic tube known as the Wolffian duct (WD). How the simple columnar epithelium of WD acquires the complex features of the adult epididymal epithelium is currently unclear. During these first few weeks after birth, the epididymal epithelium undergoes major changes and by 5 weeks consists of four different cell types. The main objective of this study was to evaluate potential roles of Wnt signaling during postnatal epididymal development and differentiation. To analyze the activity of Wnt signaling during postnatal development, we evaluated the epididymis of TCFGFP mice, a Wnt reporter mouse model. Wnt signaling activity as indicated by green fluorescent protein expression was detected in the whole epididymis of TCFGFP mice during the first 2 weeks of life but was localized only to the caput region by 5 weeks of age. Using a genetic cell lineage tracing approach, we showed that all four of the epididymal epithelial cell types originated from the simple columnar epithelium of WD. To delineate the functional significance of epithelial Wnt signaling in epididymal development and differentiation, we generated a mouse model in which b-catenin (Ctnnb1) was specifically ablated from the epididymal epithelium upon administration of doxycycline. Genetic suppression of epithelial Wnt/b-catenin signaling inhibited epididymal development by affecting cell proliferation but had no effect on epithelial cell differentiation. (Endocrinology 158: 4286-4299, 2017) V ertebrate species that copulate for fertilization are characterized by a well-differentiated excurrent duct known as the epididymis (1, 2). Male germ cells gain mobility and the ability to recognize and fertilize an oocyte as they transit through this duct. Animal knockout studies together with vasoepididymostomy experiments that circumvented sperm epididymal maturation all demonstrated that the epididymis is essential for male fertility (3). As such, it is quite possible that the epididymis is responsible for some cases of male-factor infertility, rather than spermatogenesis, which takes place in the testis. Within the epididymal milieu, sperm maturation relies on a tightly regulated exchange of fluids, proteins, lipids, and extracellular vesicles between male germ cells and the highly specialized, pseudostratified epididymal epithelium. The epididymis is a complex organ, with epithelium consisting of four distinct cell types: principal cells, clear cells, narrow cells, and basal cells. These epithelial cell types are not present in Wolffian duct (WD) epithelium, and it is currently unknown how these different cell types develop in postnatal mice.
The epithelial lining of the epididymis establishes an optimal environment in which spermatozoa acquire the ability to fertilize an oocyte. This highly specialized organ develops from a simple embryonic tube known as the Wolffian duct (WD). How the simple columnar epithelium of WD acquires the complex features of the adult epididymal epithelium is currently unclear. During these first few weeks after birth, the epididymal epithelium undergoes major changes and by 5 weeks consists of four different cell types. The main objective of this study was to evaluate potential roles of Wnt signaling during postnatal epididymal development and differentiation. To analyze the activity of Wnt signaling during postnatal development, we evaluated the epididymis of TCFGFP mice, a Wnt reporter mouse model. Wnt signaling activity as indicated by green fluorescent protein expression was detected in the whole epididymis of TCFGFP mice during the first 2 weeks of life but was localized only to the caput region by 5 weeks of age. Using a genetic cell lineage tracing approach, we showed that all four of the epididymal epithelial cell types originated from the simple columnar epithelium of WD. To delineate the functional significance of epithelial Wnt signaling in epididymal development and differentiation, we generated a mouse model in which b-catenin (Ctnnb1) was specifically ablated from the epididymal epithelium upon administration of doxycycline. Genetic suppression of epithelial Wnt/b-catenin signaling inhibited epididymal development by affecting cell proliferation but had no effect on epithelial cell differentiation. (Endocrinology 158: [4286] [4287] [4288] [4289] [4290] [4291] [4292] [4293] [4294] [4295] [4296] [4297] [4298] [4299] 2017) V ertebrate species that copulate for fertilization are characterized by a well-differentiated excurrent duct known as the epididymis (1, 2) . Male germ cells gain mobility and the ability to recognize and fertilize an oocyte as they transit through this duct. Animal knockout studies together with vasoepididymostomy experiments that circumvented sperm epididymal maturation all demonstrated that the epididymis is essential for male fertility (3) . As such, it is quite possible that the epididymis is responsible for some cases of male-factor infertility, rather than spermatogenesis, which takes place in the testis. Within the epididymal milieu, sperm maturation relies on a tightly regulated exchange of fluids, proteins, lipids, and extracellular vesicles between male germ cells and the highly specialized, pseudostratified epididymal epithelium. The epididymis is a complex organ, with epithelium consisting of four distinct cell types: principal cells, clear cells, narrow cells, and basal cells. These epithelial cell types are not present in Wolffian duct (WD) epithelium, and it is currently unknown how these different cell types develop in postnatal mice.
Wnt signaling is an evolutionarily conserved pathway that plays a key role in the embryonic and postnatal development of many organ systems (4, 5) . In the absence of Wnt ligands, b-catenin is phosphorylated by the adenomatous polyposis coli complex and undergoes proteasomal degradation (4) . In the presence of Wnt ligands, b-catenin is able to escape the adenomatous polyposis coli complex, leading to its accumulation and entry into the nucleus. The Wnt signaling pathway is indispensable for the development of the mammalian urogenital system (6) (7) (8) . Components of the Wnt pathway are highly expressed in embryonic precursors of both male and female reproductive tracts, and their dysregulation results in aberrations in the development of reproductive organs (8, 9) . Of note, balanced Wnt signaling is essential for proper development and coiling of the WD, which is an embryonic precursor for the male reproductive tract ductal system (7) .
In the past, few studies attempted to define the role of Wnt signaling in epididymal development and functions. For example, the loss of cyclin Y-like 1, a Wnt regulator, is reported to affect epididymal sperm maturation, resulting in male sterility by dysregulating the protein homeostasis of spermatozoa (10) . However, the interpretation of this model was complicated by the presence of a global deletion of cyclin Y-like 1, which is already known to cause several defects during spermatogenesis (11) . Similarly, deletion of b-catenin (Ctnnb1) using Hoxb7-cre results in defective WD development. However, analysis of the mutant epididymis was not performed in this model because of premature lethality caused by abnormal kidney functions (6) . The lack of availability of model systems with temporal control of the regulation of Wnt signaling, specifically from the epididymis, limits our understanding of the functional significance of this signaling pathway in postnatal epididymal development and functions.
The main purpose of the current study was to investigate the physiological role of Wnt-signaling in mouse epididymal development and differentiation. For this, we determined the temporal changes in Wnt activity in the epididymal epithelium using the Wnt reporter mouse model, TCFGFP. We showed that all four cell types of fully differentiated epididymal epithelium developed from the simple epithelium of WDs. Further, to understand the functional role of the Wnt pathway, we used a triple transgenic mouse model with epididymal epithelial2specific ablation of canonical Wnt signaling.
The results from our study demonstrated that ablation of epithelial Wnt/b-catenin signaling affected epididymal epithelial cell proliferation but did not inhibit cell differentiation.
Materials and Methods

Mouse breeding and husbandry
Mice used in the current study were maintained on C57BL/6;129SvEv mixed genetic background and were kept under standard animal housing conditions. All experimental procedures on animals were approved by the Animal Care and Ethics Committee, University of Newcastle. For animal care, the handling and experimental procedures and guidelines of the New South Wales Animal Research Act, New South Wales Animal Research Regulation, and Australian code for the care and use of animals for scientific purposes were followed. TCF/Lef:H2B/ GFP (TCF:GFP), LC1cre;lacZ fl/+ , and LC1cre;Ctnnb1 fl/fl mice are described in detail in Kumar et al. (7) . To induce recombination and thereby deletion of b-catenin (Ctnnb1) from WD epithelium, 6-to 8-week-old male and female LC1cre; Ctnnb1 fl/fl mice were time-mated by housing them overnight in a cage and checking for vaginal plugs the next morning. The day of the vaginal plug was considered as 0.5 day post coitum (dpc). Time-pregnant mice were administered doxycycline (1 mg/mL in 1% sucrose solution) from 13.5 dpc to 1 day postnatal (dpn). Epididymal tissues were collected at 5 weeks postnatal. For inducing deletion of b-catenin (Ctnnb1) in the postnatal period, LC1cre;Ctnnb1 fl/fl mice were administered doxycycline orally at 1 to 5 mg/mL (in 5% sucrose) at different time points (1 to 21 dpn and 21 to 30 dpn), and tissues were collected at 5 and/or 10 weeks of age. Whole-mount b-galactosidase (bgal)/lacZ staining was performed as previously described by us in Kumar et al. (7) . Gross images were taken using the Nikon SMZ25 stereoscope.
Histology, immunohistochemistry, and terminal deoxynucleotidyl transferase dUTP nick end labeling
The protocols used in this study for histology and immunohistochemistry were described in Kumar et al. (7) . Briefly, mouse tissues were fixed overnight in 4% paraformaldehyde at 4°C. Tissues were embedded in paraffin and 5-mm-thick sections were prepared. After deparaffinization and rehydration, the sections were incubated with primary antibodies (Table 1) followed by Alexa Fluor secondary antibodies (1:250; Jackson ImmunoResearch Laboratories). The terminal deoxynucleotidyl transferase dUTP nick end labeling assay was performed per the manufacturer's instructions (Millipore). Immunohistochemistry/immunofluorescence images were obtained using the Olympus DP72 microscope and Olympus confocal microscope at the same exposure and gain for both control and mutant tissues. For cell count, at least 10 images were taken from the caput, corpus, and cauda regions from at least three different mice and were counted using ImageJ (National Institutes of Health). For counting of colocalized cells, we used the ImageJ colocalization tool.
Quantitative real-time polymerase chain reaction RNA was isolated from 35-dpn control and mutant mouse epididymides (n = 5 per group) using the RNeasy ® kits (Qiagen, VIC, Australia), following manufacturer's instructions. Complementary DNA was synthesized using the RT 2 First Strand Kit (Qiagen) with 500 ng RNA from each sample. Quantitative real-time polymerase chain reaction was performed on the ABI7900HT FAST system (Applied Biosystems, CA) using SYBR Green ROX qPCR Mastermix (Qiagen). Values for all the reactions (in triplicate) were normalized to bactin. Results were graphed as relative gene expression in mutant epididymis compared with control, with the control group scaled to one. Sequences of primers used are mentioned in Table 2 .
Statistical analysis
Prism 6.0 (GraphPad Software, CA) was used for all statistical analyses. Data are presented as mean 6 standard error of the mean. Statistical significance was calculated with the Student t test, and P value #0.05 was considered significant.
Results
Spatiotemporal changes in Wnt signaling activity during murine epididymal development
To understand the requirement of Wnt signaling in postnatal epididymal development and differentiation, we used a well-established Wnt reporter mouse model (TCFGFP). In this mouse, there are six copies of TCF/LEF responsive elements and an hsb68 minimal promoter upstream to histone H2B and green fluorescent protein (GFP) nuclear fusion complex, which confers real-time expression of nuclear GFP in cells with active Wnt signaling (12) . To track the activity of the Wnt signaling pathway during postnatal epididymal development, we collected the epididymis from TCFGFP males across various ages and found dynamic changes in GFP expression, demonstrating the involvement of Wnt signaling. At 1 dpn, the entire duct was positive for GFP ( Fig. 1A and 1A 0 ; n = 5). The intensity plot showed relatively similar GFP expression in the whole duct. We next looked for Wnt activity in the epididymis at 7, 14, 21, 28, and 35 dpn ( Fig. 1 ; n = 5 per group). Similar GFP expression was observed across the epididymis up to 14 dpn (Fig. 1B-1C 0 ; n = 5 per group). At the later stages, GFP expression started to localize toward the caput region. At 21 dpn, GFP expression was mainly present in the caput with reduced expression extending to the corpus ( Fig. 1D and 1D 0 ; n = 5). GFP expression was localized to only the caput region by 28 and 35 dpn ( Fig. 1E-1F 0 ; n = 5). The intensity plot showed that a low level of GFP expression was also present in the corpus and cauda at 28 and 35 dpn. Thus, during the journey of postnatal epididymal development, the site of Wnt activity changed from the whole epididymis at 1 dpn to mainly the caput region by 35 dpn.
Active Wnt signaling was localized in different epididymal epithelial cell types
The mouse epididymis consists of four epithelial cell types: principal, basal, clear, and narrow cells. To identify epithelial and/or stromal placement of Wnt active cells, we colocalized GFP with cytokeratin 8 (Ck8; marks epithelium). Epithelial-specific GFP expression was observed at all stages of development in the three epididymal segments from TCFGFP mice ( Fig. 2A-2C ; n = 3). No GFP expression was observed in the surrounding muscular layer/stroma ( Fig. 2D-2F ; n = 3). By 35 dpn, epididymal epithelium transformed from a simple columnar 
0 in WD to pseudostratified epithelium consisting of four differentiated cell types (13) . To determine whether GFP is expressed in all four cell types or in only a particular cell type, we colocalized GFP with markers for different epithelial cell types, which are Tp63 for basal cells (14) , VATPase for clear/halo cells (15) , and aquaporin 9 for principal cells (15) ( Fig. 2G-2O ; n = 3). All the epithelial cell types including basal ( Fig. 2G-2I ; n = 3), clear/halo ( Fig. 2J-2L ; n = 3), and principal cells ( Fig. 2M-2O ; n = 3) expressed GFP in all three compartments of the epididymis. A decline in GFP expression was observed among all cell types at 35 dpn compared with 28 dpn (Fig. 2G 0 -2O 0 ). These results suggest the presence of active Wnt signaling in all different epithelial cell types, and the number of GFP-positive cells showed a decline as age progressed (from 28 to 35 dpn) and from the proximal (caput) to the distal (cauda) epididymis.
Adult epididymal epithelial cells were derived from simple cuboidal WD epithelial cells
Heterogeneous expression of GFP in the TCFGFP epididymis prompted us to examine whether all the epididymal epithelial cells had the same developmental origin or were derived from different sources. To confirm whether the adult epididymal epithelium was coming from preexisting WD epithelium or from any other source, we genetically labeled the epididymal epithelium by developing a triple transgenic lacZ reporter mouse model (LC1cre;lacZ fl/+ ). In this mouse model, lacZ expression is under the control of Pax8 promoter2driven cre (LC1cre), which is activated in response to the administration of doxycycline and thereby specifically expresses lacZ (bgal) in the epididymal epithelium. To activate LC1cre or lacZ expression, time-mated LC1cre;lacZ fl/+ mice were administered doxycycline from 13.5 dpc to 6 dpn, and tissues were collected at 5 weeks of age when all the epididymal cell types were present ( Fig. 3A ; n = 5 per group). We found strong bgal expression in the LC1cre;lacZ fl/+ mouse model compared with weak expression in littermate controls because of endogenous bgal activity (16) (Fig. 3Ba-3Bd ). Histological analysis using nuclear fast red staining showed all the cells were positive for bgal expression (Fig. 3C) . These results indicate that the entire epididymal epithelial cell types came from preexisting WD epithelium and that heterogeneous Wnt signaling activity in different cell types is not due to their separate developmental origins.
Defective epididymal development with the deletion of epithelial b-catenin (Ctnnb1) in WD Our results from the TCFGFP mouse model validated the presence of epithelial Wnt signaling in the mouse epididymis, and our LC1cre;lacZ fl/+ mouse model showed that the entire epididymal epithelial cell types came from preexisting WD epithelium (Figs. 1-3) . To determine the functional significance of canonical Wnt signaling in the development of the mouse epididymis, we conditionally deleted b-catenin (Ctnnb1) specifically from WD epithelium (Fig. 4A) . WD exists as a simple, straight, primitive tube at 13.5 dpc that proliferates, coils, and develops into a fully functional epididymis by 35 dpn (13) . Thus, we administered doxycycline to time-mated females from 13.5 dpc to 1 dpn (Fig. 4A ). Epididymides were collected from control (Ctnnb1 fl/fl ) and mutant (LC1cre;Ctnnb1 fl/fl ) males at 35 dpn ( Fig. 4A ; n = 5 per group). Epididymal tubes from mutant animals were remarkably smaller than those from controls ( Fig. 4Ba-4Bd ; n = 5 per group). Histological analysis revealed the loss of pseudostratified appearance of the epididymal epithelium ( Fig. 4Ca-4Cf ; n = 5). Most germ cell developmental stages were present in the testes of both control and mutant mice (Supplemental Fig. 1Aa and  1Ab) . Furthermore, no significant difference was observed among testicular/body weight ratios (Supplemental Fig. 1B) among the two groups, suggesting that (Fig. 5A-5F 0 ). Downregulation of Wnt signaling was further confirmed by quantitative polymerase chain reaction (qPCR) analysis, which showed a fivefold decline in b-catenin messenger RNA expression ( Fig. 5G ; n = 5). Immunolocalization and qPCR analysis of downstream targets of the Wnt pathway showed reduced expression (TCF1, -1.2 fold; LEF1, -23 fold; and cyclin D1, -1.8 fold; n = 5 per group), again substantiating the downregulation of the Wnt pathway in the epididymides of mutant mice ( Fig. 6A-6I ; n = 5 per group). These results demonstrate the requirement of Wnt signaling for epididymal development, and its loss results in defective morphogenesis of this tube.
Loss of Wnt/b-catenin signaling did not affect epididymal epithelial cell differentiation
Our data from the TCFGFP mouse model showed dynamic changes in GFP expression in the epididymis during postnatal development (Fig. 1) . During the same time frame, epithelial differentiation also took place. To establish whether Wnt signaling is involved in epididymal epithelial cell differentiation, we examined the expression of markers for basal (Tp63), clear/halo (VATPase), and principal cells (aquaporin 9) in the epididymides of control and mutant mice (Fig. 7) . Surprisingly, all four epithelial cell types were present in both control and mutant epididymides ( Fig. 7A-7H ; n = 5). However, the qPCR analysis showed reduced expression of Tp63, VATPase, and aquaporin 9 (Fig. 7C, 7F , and 7I; n = 5). These results suggest that Wnt signaling does not regulate epididymal epithelial cell differentiation.
Inhibition of Wnt signaling altered epididymal cell proliferation
Our results so far have shown that the suppression of epithelial Wnt signaling resulted in a significant reduction in the size of the epididymis (Fig. 4) . A possible reason for the decline in epididymal size might be reduced cell proliferation or increased death. Previous reports demonstrated that epithelial cell proliferation was essential for the development of the highly coiled epididymis from a simple, straight embryonic precursor (17) . To determine whether Wnt signaling regulates epididymal development via cell proliferation and death, we examined the expression of Ki67 (marks proliferating cells) and caspase (marks cell death), respectively (Fig. 8) . qPCR analysis of Ki67 revealed a significant reduction in cell proliferation ( Fig. 8A-8C ; n = 5 per group). Western blot results for caspase indicated reduced expression of both pro-and cleaved caspase ( Fig. 8D and 8E ), suggesting that cell death was not the driving force behind the phenotype in the mutant epididymis at this stage. Thus, the reduced epididymal size in mutant mice was due to a decline in cellular proliferation.
Altered expression of epithelial and mesenchymal markers in the mutant epididymis Formation of an organ requires epithelial patterning, which is regulated by epithelial-mesenchymal communications (18) . These interactions are regulated by the Wnt/ b-catenin signaling pathway (19) . Therefore, we decided to examine the expression of epithelial (E-cadherin) and mesenchymal (aSMA) markers, and both were expressed in the control and mutant epididymides ( Fig. 9A-9E ; n = 5 per group). Western blot analysis showed reduced expression of E-cadherin and increased expression of aSMA in mutant epididymides compared with controls (Fig. 9C,  9F , and 9G; n = 3 per group). Moreover, the mutant mice showed highly disorganized arrangement of aSMApositive stromal cells. These data suggest that the loss of epithelial Wnt/b-catenin negatively affects epithelialmesenchymal communication, leading to defects in both epithelial and mesenchymal compartments.
Postnatal deletion of b-catenin caused defects in epididymal epithelium, leading to blocked ducts
To examine the effect of loss of Wnt signaling during the postnatal phase of epididymal development and differentiation, we used two different doxycycline treatment regimens (1-to 21-day and 21-to 30-day postnatal doxycycline administration) (Fig. 10A and 10B) . Gross examination of mutant mice from both treatment regimens revealed slightly smaller epididymides that appear to have blockage of the lumen ( Fig. 10C ; n = 5).
The epididymides of control mice were normal ( Fig. 10C ; n = 5). Histological analysis confirmed that mutant epididymides were smaller and contained some tubules with an atypical lumen ( Fig. 10D and 10E ). At 10 weeks of age, the epithelium of mutant epididymides was very thin compared with that of controls ( Fig. 10F and 10G ; n = 5 per group). Abnormal growths, similar to human sperm granulomas, were also present in the mutant epididymides that were mainly consisting of sperm and immune (leukocytes) cells (Fig. 10Gd-10Gg ). This suggests that the integrity of the blood-epididymis barrier might have been compromised by the deletion of b-catenin, resulting in exposure of spermatozoa to immune cells. Loss of Wnt/b-catenin signaling in the epididymal epithelium of mutant mice was confirmed by performing colocalization of Ck8 and b-catenin ( Fig. 10Ha and 10Hb ; n = 5 per group). Tp63-positive cells (basal cells) were present and showed a normal distribution pattern in the epididymides of control and mutant mice, suggesting that epithelial differentiation was not affected ( Fig. 10Hc and 10Hd ; n = 5 per group). This is consistent with our observations in hematoxylin and eosin2stained control and mutant epididymides (Fig. 10D , 10E, and 10G). A reduced number of Ki67-positive epithelial cells were observed in mutant epididymides compared with controls ( Fig. 10He, 10Hf , and 10I; n = 5 per group). Collectively, these data suggest that the deletion of b-catenin in postnatal mice altered epididymal epithelial cell proliferation and integrity, leading to blocked ducts and formation of sperm granuloma-like structures.
Discussion
Although previous studies have highlighted the significance of Wnt signaling in the development of male and female urogenital systems, the functional requirement of this pathway in postnatal epididymal development has yet to be explored (8, (20) (21) (22) . In this study using a Wnt reporter mouse model, we examined Wnt activity in the mouse epididymis from 1 to 35 dpn. During this time frame, the organ develops from one to four cell types. Furthermore, physiologically the epididymis goes from an uncoiled to a fully coiled state that has to experience the first wave of spermatogenesis. We have shown striking changes in the activity of the Wnt signaling pathway in the epididymis during this early postnatal period of development. At all stages, GFP expression was present only in the epididymal epithelium, indicating epithelial-specific Wnt activity. To delineate the role of epithelial Wnt signaling, we used a triple transgenic mouse model with the doxycycline-inducible loss of Wnt activity from the epididymal epithelium. This study showed the role of Wnt signaling in postnatal epididymal development. From birth to adulthood, the mouse epididymis undergoes substantial development, which can be divided into three stages. The first stage is the undifferentiated period during which epididymal epithelium is undifferentiated, lacking stereocilia and low columnar or cuboidal epithelium with a high rate of epithelial cell proliferation. In the mouse, this period corresponds to 1 to 17 dpn (23). Our analysis of TCFGFP mice showed high Wnt activity across the epididymis from 1 to 21 dpn. These results suggest the probable involvement of Wnt signaling in cellular proliferation. This was further confirmed by a reduced proliferation rate in the mutant epididymis compared with that of the control group.
The second stage of epididymal development is a period of differentiation in which different cell types start to appear and regionalization of the epididymis occurs to the initial segment, caput, corpus, and cauda (24) . Principal and basal cells differentiate at 28 dpn, whereas the remaining two cell types (narrow and clear cells) differentiate at 35 dpn (13) . These events occur throughout the epididymis. The presence of GFP expression in Tp63-, VATPase-, and aquaporin 9-positive cells suggests Wnt signaling was not restricted to one cell type as the organ began to differentiate. Furthermore, our LC1cre; Ctnnb1 fl/fl mouse model had all four epididymal epithelial cell types, indicating that loss of epithelial Wnt signaling does not inhibit epididymal cell differentiation.
The third period is a post-differentiation stage that is associated with the appearance of spermatozoa in the epididymal lumen. Cell proliferation ceases at this time (23, 25) . Wnt signaling activity is localized to the caput region at this stage, suggesting a different functional requirement of the Wnt signaling pathway at the postpubertal stage in the mouse epididymis.
In the current study, we showed that Wnt signaling regulated epididymal cell proliferation during postnatal development. This epithelial cell proliferation is required for growth and coiling of the epididymis (17) . Deletion of b-catenin (Ctnnb1) in the WD resulted in a significant decrease in the length of the epididymis as indicated by reduced size and coiling. The mutant epididymis showed a severe phenotype with a cuboidal, single layer of epithelium compared with pseudostratification in the control group. These observations indicate the contribution of epithelial Wnt signaling toward epithelial cell proliferation and coiling during the early period of postnatal development. A decline in expression of caspase was observed in the mutant epididymis compared with that of controls, indicating reduced cell death. In our previous study, we showed that loss of epithelial Wnt signaling from the WD resulted in increased cell death at 1 dpn (7). Thus, reduced expression of caspase might be due to the fact that epithelial cell death is an early event and much less epithelium is present by 5 weeks of age in the mutant epididymis. All four cell types were present in the mutant epididymis; however, the expression of different cell markers was reduced. The reason for reduced epithelial cell marker expression could be decreased epithelial content in the mutant epididymis compared with that of controls. These results suggest that epithelial Wnt signaling is unlikely to be essential for epididymal cell differentiation.
The purpose of this study was to obtain a better understanding of the role of Wnt signaling in postnatal epididymal development. During this period, the epididymis grows extensively, coils, and develops septa that demarcate different epididymal regions, and the epithelium differentiates into four different cell types. However, the pathways regulating epithelial cell proliferation, survival, and differentiation, which is required for postnatal epididymal development, remain unexplored. This genetic study showed dynamic changes in Wnt signaling during postnatal epididymal development and analyzed the functions of the epithelial Wnt pathway in epididymal cell proliferation. Moreover, our study showed that all four epithelial cell types originate from preexisting WD epithelium. Information from the current study should provide valuable insights into the epididymal origin of infertility and subfertility in relevant clinical patients.
